The hormonal change in fruit development of Citrus unshiu was investigated. A remarkable change in the content of auxin and ABA was observed, suggesting that the hormonal balance may affect the physiological abscission of the fruits . The occurrence of IAA, IAM, IAA-Me and ABA in the young fruits was confirmed, while citrus auxin could not be detected.
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Materials and methods

Fruits
Fruits were plucked from trees of Citrus unshiu cultivated in the field of Okitsu Branch, Tree Fruits Research Station, Okitsu, Shimizu-shi, Japan, and immediately frozen with dry ice and stocked in a deep freezer at -20oC for 2 to 3 weeks until extraction.
E.rtimation of auxin and ABA content
Auxin content in various samples was determined by Avena curvature test and ABA content by Milborrow's method (11).
Thin layer and j;aper chromatograph:)'
Thin layers of silica gel GF 254 (Merck) 0.2 mm thick were used for qualitative analysis and those 0.5-mm thick for preparative work. For paper chromatography, filter paper Toyo-roshi No. 51 was used. Development was conducted in ascending mode with the following solvent systems: a) Isopropyl ether-acetic acid (95 : 5) b) Ethyl acetate-chloroform-acetic acid (20 : 8 : I) c) Ethyl aceta te-n-hexane (I : I) d) Isopropyl alcohol-cone. ammonia-water ( 10 : I : I)
Gas chromatography
A Hitachi K-53 gas chmmatograph with a hydrogen flame ionization detector was used. A silanized glass column (I m x 3 mm i.d.) was packed with 2% SE-30 and XE-60 on Chromosorb W. Retention times were determined under the following conditions: SE-30, column temp. 160°C, N2 flow 38 mlfmin; XE-60, column temp. 180-230°C (4°/min), N2 flow 25 mlfmin.
Mass sj;ectra, GC-li1S and mass chromatography
These were obtained with a Hitachi RMU 6L mass spectrometer equipped with a direct inlet probe and a combined Hitachi 063 (GC)-RMU 6M (MS)-Hitac I011 data analysis system.
Preparation rif samples for estimation rif plant growth regulators in the fruits
Fruits harvested five to seven days after full bloom were extracted with methanol or acetone in three fold volume of the fruits using a blender. The extraction was repeated three times. The solvent was removed under reduced pressure to give an aqueous residue, which was extracted with n-hexane at pH 3 and then with the same volume of ethyl acetate as the aqueous solution three times. The combined ethyl acetate solution was extracted with 3% sodium bicarbonate solution in a half volume of the organic layer three times. The ethyl acetate layer, which was dried by passing through an anhydrous sodium sulfate column, was evaporated under reduced pressure to give a neutral fraction. The sodium bicarbonate layer was acidified to pH 3 with 3 N sulfuric acid and the aqueous solution was extracted with ethyl acetate. After drying the organic layer over anhydmus sodium sulfate, evaporation of the solvent afforded an acidic fraction.
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Isolation and characterization rif auxins and two peptides I) Extraction and solvent fractionation Fruits (10 kg) harvested seven days after full bloom in 1969 were extracted with ether (IS liters) five times using a blender. The cake obtained by filtration of the homogenized mixtures was extracted with methanol (25 liters) two times. The combined ether fraction was concentrated to 3 liters under reduced pressure and extracted with 3% sodium bicarbonate solution (700 ml) three times. The ether layer dried over anhydrous sodium sulfate was evaporated to give Fraction B (22.6 g). The sodium bicarbonate solution was acidified to pH 3 with 3 N sulfuric acid with ether (700 ml) three times to afford Fraction A (2.9 g).
The methanol extract was concentrated to give an aqueous residue which wa~ separated into Fraction C (an acidic fraction, 30.5 g) and Fraction D (a neutral fraction, 56.0 g) with ethyl acetate in the same manner as in the ether extraction.
2) Purification of Fraction A
Fraction A (2.9 g) was subjected to nine transfers countercurrent distribution between 1M phosphate buffer of pH 6.5 (100 ml) and ethyl acetate ( 100 ml).
Lesser fraction numbers indicate the presence of polar substances. Fraction~ 4 to 7 showing strong auxin activity were combined to recover a resinous solid (1.9 g), which was purified through .silicic acid partition chromatography. Silicic acid (Mallincrodt, 100 g) was throughly mixed with 1M phosphate buffer of pH 7.2 (70 ml) and packed into a column with n-hexane. The active fraction was dissolved in acetone (5 ml) and silicic acid (15.0 g) was added to the solution, then the mixture was evaporated under reduced pressure. The silicic acid powder thus obtained was placed on top of the column and elution was started with nhexane followed by n-hexane containing ethyl acetate increasing in content by 0.5% steps in a !-liter fraction. A crude active material (14 mg) obtained fmm 2% ethyl acetate eluate was further purified by another partition column. The column was prepared from silicic acid (15 g) pretreated with 1M phosphate buffer of pH 6.2 (10 ml) and benzene. The sample was applied to the column as in the case of the first column. Elution was conducted with benzene containing butanol increasing in content by 0. I% steps in a 300-rnl fraction. Eluate containing 0.2 to 0.4% butanol showed strong auxin activity. Evaporation of the solvent afforded a solid. This was subjected to preparative paper chromatography using solvent system d. The zone of Rf 0.25 to 0.35 was cut off and eluted with methanol. The residue of this eluate was dissolved in an aqueous sodium bicarbonate solution and acidified with 3 N sulfuric acid to pH 3 then extracted with ethyl acetate. Evaporation of the solvent afforded a partially crystalline solid (3.5 mg), which was identified a~ IAA.
3) Purification of Fraction C Fraction C (30.5 g) was subjected to ~ilicic acid part1t1on chromatography using n-hexane-ethyl acetate solvent system as in the case of Fraction A. Evaporation of the eluate (n-hexane-ethyl acetate, 80 : 20-75 : 25 and 70 : 30) gave two fractions showing positive Ehrlich test. A solid (900 mg) recovered from the fraction eluted with n-hexane-ethyl acetate (70 : 30) was purified through a neutral alumina column, which was prepared by packing aluminum oxide (l'derck, active neutral activity I, 30 g) and a mixture of benzene and ethyl acteate (1 : 1). The column was eluted with the same solvent system (1 liter), then ethyl acetate containing methanol increasing in content by 2.5% steps in a !-liter fraction. Elution with ethyl acetate containing 2.5 to 5% methanol afforded a solid (40 mg), which gave a positive Ehrlich test. This was subjected to preparative paper chromatography using solvent system a.
• The zone of Rf 0.1-0.2 was cut off and eluted with methanol. Evaporation of the solvent gave a crystalline solid (18 mg), which was recrystallized into rods from ethyl acetate and n-hexane, and identified as JAM.
The fraction eluted with n-hexane-ethyl acetate (80 : 20-75 : 25) showed a spot positive to Ehrlich test with the same Rf value as IAA. This fraction was purified by preparative thin layer chromatography using solvent system a and the zone of Rf 0.2-0.25 was eluted with methanol. After methylation, the presence of IAA-Me in this fraction was confirmed by GC-MS.
4) Purification of Fraction D
Fraction D (56 .0) was dissolved in ethyl acetate (50 ml) and poured into a column prepared from neutral alumina (Merck, activity I) and ethyl acetate. Elution was conducted with ethyl acetate (41iters) and ethyl acetate containing methanol increasing in content by 2.5% steps in a 2-liter fraction. The eluates with ethyl acetate containing 2.5 to 10% methanol were combined and evaporated to give a resinous solid (6.2 g). This was further subjected to silicic acid adsorption chromatography, in which a column was prepared with silicic acid (40 g) and ethyl acetate. The column was eluted with ethyl acetate containing methanol increasing in content by 2.5% steps in a !-liter fraction.· The elutae with ethyl acetate containing 2.5% methanol showed a spot at the same Rf value as that of JAM. By repeated thin layer chromatography of this fraction using solvent system c and recrystallization from ethyl acetate and n-hexane, JAM (35 mg) was isolated.
The eluate with ethyl acetate containing 5-7.5% methanol showed a spot positive to Ehrlich test and a faint lAM spot on thin layer chromatography using solvent systems a and e, while another spot was revealed by spraying with 70% sulfuric acid and heating. Repeated thin layer chromatography and recrystallization from hot methanol afforded two crystals with m.p. 220-224°C and 274-276°C, the yield of the former being 90 mg and the latter 520 mg. Infrared spectra of these crystals and preliminary hydrolysis experiments indicated that they were peptides, especially the c1·ystal showing m.p. 220-224°C containing tryptophan.
Identification rif neutral auxin
Young fruits (10 kg) harvested seven days after full bloom in 1974 were extracted with acetone (20 liters) three times using a blender. Evaporation of solvent afforded an aqueous residue (5 liters), which was extracted with ether (4liters) three times and then ethyl acetate (4liters) three times at pH 5.5. The ether-soluble and ethyl acetate-soluble fractions were separately partitioned into a neutral and an acidic fraction. The ether-soluble neutral fi·action (25. 7 g) was subjected to silicic acid adsorption chromatography. A column was prepared with silicic acid (Mallincrodt CC-7 Special, 200 g) and n-hexane. The oily Plant growth substances in Citms unshiu I 105 sample was applied onto the top of the column and the column was eluted with n-hexane containing ethyl acetate increasing in content by 20% steps in a 2-liter fraction. A solid (656 mg) was recovered from the eluate with n-hexane containing 20% ethyl acetate, which showed clear auxin activity. This was subjected to ten transfers countercurrent between n-hexane containing 10% ethyl acetate (upper phase) and water containing 20% methanol (lower phase). Fractions 7 to 9 (26.2 mg in total) showing auxin activity as well as positive Ehrlich test was separately purified by preparative thin layer chromatography using solvent system d, monitored by the Ehrlich test. Zones giving a positive Ehrlich test were combined and this procedure was repeated two times. Finally, the most purified fraction showing a spot at Rf 0. 77 on thin layer chromatography using solvent sy~tem d was subjected to mass chromatography. As shown in the text, the presence of IAA-Me in this fraction was confirmed .
Results and discussion
Hormonal change in fruit development
The hormonal change in the fruit development was surveyed in 196R to 1973. Herein the results for 1971 to 1973 are presented.
The young fruits were harvested at different developmental stages and extracted as described in Materials and methods. The activity of auxin in the methanol or acetone extract and the acidic and neutral ethyl acetate fractions from fruits in 1971 to 1973 was determined by Avena curvature test and that of ABA in the acidic fraction of 1972 and 1973 by Milborrow's method (11). Since in the preliminary experiments, the content of gibberellin was estimated to be below 0.05 ftg/kg by the rice seedling test, gibberellin was not tested. Table 1 
Stage of sampling
Total weight of Number of fruits We1ght per !nut (days after full bloom) fruits (kg) (g) Fig . 1 shows the change of auxin activity during development in three fractions from fruits harvested in 1971. The total auxin activity reached maximum (150 p,gfkg fresh fruitl) five days after full bloom and suddenly started decreasing to reach the minimum after twenty days and again started increasing to another maximum peak after thirty days. The neutral auxin activity showed its maximum peaks five (71 !•gfkg) and thirty-five days (26 p,gfkg) after full bloom, while the change of the acidic auxin activity was not very remarkable in comparison with those in 1972 and 1973, the maximum peaks being observed ten (60 p,gfkg) and thirty-five days ( 42 p,gfkg) after full bloom.
As shown in Fig. 2 , the highest total auxin activity (150 p,gfkg) was observed ten days after full bloom in 1972, while the acidic auxin content changed similarly to that of the total auxin and the neutral auxin showed a changing pattern similar to that of 1971. The content of ABA reached maximum ( 440 p,gfkg) seven days after full bloom and sharply decreased to minimum content (30 p,gfkg) eighteen days after fi11l bloom and then started increasing . to reach to the other maximum content (120 p,gfkg). After the second maximum, the content of ABA increased in monotone. Fig. 3 shows the change of auxin content in three fractions and that of ABA in 1973. In this year, the total auxin content was remarkably high (800 p,gfkg), showing the maximum peak six days after full bloom. The change of acidic auxin content was similar to that of the total auxin content, while that of the neutral auxin showed two peaks (70 pgfkg and 20 p,gfkg) six and thirty-two days after The results in the above experiments summarized are as follows. The content of acidic auxin varies over the years, the highest content varying from 800 ftgjkg in 1973 to 60 p,gfkg in 1971. The pattern of change in the acidic auxin content in fruit development is quite characteristic; the maximum peak is always observed in the very early developmental stage of fruits (five to ten days after full bloom) and after reaching the maximum, a sudden decrease takes place. On the other hand, the change of the neutral auxin content is similar every year, two maximum peaks being observed about seven and thirty-five days after full bloom. Only trace amounts of endogenous auxins could be detected in two-month-old fruits. In a very early stage, a peak of ABA was also observed.
Interestingly, a similar change of auxin content has been reported (9) in the fruit development of tomato. In this case, two maximum peaks of auxin content, seven and thirty days after anthesis, were observed.
To correlate hormonal balance to fruit abscission, the physiological abscission was surveyed using trees in the similar growing stage and under circumstances similar to those of trees from which the young fruits were harvested for analyses of endogenous hormones. The results of the survey in 1973 are summarized in Fig. 4 . The increase of the abscission of fruits started ten days after the maximum peak of auxin content, and the maximum peak of abscission was attained ten to fifteen days after the minimum of auxin content. The second peak of the abscission, which was not as clear as the first, was observed fifteen clays after the second maximum peak . of auxin content. 
Abscission if fruits in developmental stages in
Endogenous auxin has long been known to play a dominant role in leaf abscission. That is, a high level of auxin in leaf blades retards abscission, while its decrease induces abscission . On the other hand, ABA was isolated as an abscissionaccelerating substance from young cotton fruits in vigorous abscission. Further Davis and Acldicott (J) have reported the correlation between the change of ABA content and abscission of developing cotton fruits. The changing pattern of ABA content is quite similar to that in young fruits of Citrus wzshiu, while the abscission pattern is rather different in both cases. On the basis of this knowledge, we suggest that a sudden decrease of the auxin content from its maximum peak as well as the appearance of the ABA peak play important roles in the abscission of fruits of Citrus unslziu.
Isolation of endogenous plant growth regulators in young fruits if Citrus unshiu
J clentification of the chemical species of auxin, the content of which shows a dramatic change during fruit development, is important. Young fruits (10 kg) were harvested seven days after full bloom in 1969. They were extracted and purified as described in Materials and methods.
From As Fraction B lost auxin activity during storage, identification of the auxm m this fraction was conducted using the sample prepared in 1974. The result will be described later.
The presence of IAA in Fr~ction C was confirmed by GC-MS. The peak at tR 5.0 min on gas chromatography (SE-30 column) of the methylated sample from the most purified fraction had a mass spectrum identical with that of IAA-Me. The content of IAA in Fraction C was estimated to be ca. 3 mg by Avena curvature test and gas chromatography. In the final paper chromatography, another crystalline compound (13 mg), m.p. l83°C, showing a positive Ehrlich test, was isolated. It showed a mass spectrum [mfe 174 (M+), 130, 1031 which was identical with that of authentic lAM. Although it seems unusual that lAM, which is a neutral compound, was isolated from the acidic fraction, this may be explained by its very polar nature which causes incomplete distribution in solvent fractionation. This assumption is supported by the observation that the Rf value of lAM on thin layer chromatography is lower than that of IAA, and lAM was eluted later than IAA from the partition column.
Fraction D afforded 40 mg of lAM and two kinds of crystal after several purification steps. One of the new crystals showed a positive Ehrlich test and the other a negative test. They were considered to be peptides on the basis of IR spectroscopy and preliminary hydrolysis experiments. Structural elucidation of these pcptides is now under way.
In the experiment using the sample obtained in 1969, identification of the neutral auxin was incomplete, because Fraction B lost its auxin activity during storage. Furthermore, the amount of lAM isolated cannot explain the total neutral auxin activity in young fruits because of the very low activity of lAM. To establish the chemical species in the neutral fraction, young fruits were again harvested seven days after full bloom in 1974. They were extracted with acetone and the extract was fractionated as described in Materials and methods. The most purified fraction thus obtained showed a spot positive to Ehrlich test on thin layer chromatography, the Rf value of which was identical with that of IAA-Me. For the final confirmation, this fraction was subjected to mass chromatography. The total ion monitoring chromatogram and those monitored at m/e 189, 130 and 77, at which prominent peaks were observed in the mass spectrum of IAA-Me, are shown in Fig. 5 . The retention times of these peaks were completely identical with those of IAA-Me. The possibility of co-occurrence of IAN was excluded by mass chromatograms monitored at m/e 130 (characteristic of the fragment indole-3-CH 2 +), 156 and 155 (the molecular ion and base peak, respectively). As shown in Fig. 5 , only one peak of m/e 130 was observed at the retention time of IAA-Me (7.2 min) but no peak for IAN (10.3 min) was detected in all chromatograms.
lAM and two peptides isolated from Fraction D were identified in the neutral fraction extracted with ethyl acetate. The acidic auxin content in fruits harvested in 1974 was estimated to be ca. 300 1-lgfkg by Avena curvature test.
The experiment described above confirmed that young fruits harvested five lo seven days after full bloom contain IAA as an acidic auxin and IAA-Me and lAM as neutral auxins. The isolation and identification of IAA, IAA-Me and lAM in considerable high contents in young fruits are inconsistent with the claim by the Riverside group of the non-occurrence of indolic auxin. Further, we pointed out that a non-indolic auxin such as "citrus auxin" was not detected in our extensive survey of fruits of Citrus unshiu in various developmental stages. This observation together with that of the Israel group casts serious doubt on the occurrence of "citrus auxin".
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